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(54) SIUCON SINGLE CRYSTAL WAFER AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To form crystal in defect-free area in good yield 
by changing pulling velocity V and temperature gradient G of a single crystal 
grown by the Czochralski process according to dopant concentration and 
keeping V/G value in crystal interface within a prescribed range in the radial 
direction of the crystal. 

SOLUTION: Molten silicon L containing a dopant such as B, P, Al, Ga, As, In 
or Sb and additive element such as H, He, C, Ne, Ge, Kr, Sn or Xe is housed 
in a crucible 3 arranged in a heating chamber 2a equipped with a heater 4 
and a heat insulating material 12 and a silicon single crystal S is pulled up 
through a seed crystal 9 from the molten silicon L. A pulling^up velocity V of 
the crystal S and/or a temperature gradient G on the crystal S side in 
crystal axial direction on solid-liquid interface is changed according to the 
change of dopant concentration and V/G value is kept within a prescribed 
range. Thereby, an area generating ringHike oxidation induced stacking fault 
is made to vanish centering a wafer and a defect-free area without a 
dislocation cluster is formed in the whole radial direction. 
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[0 0 2 4] *«w©aw». c zmc J: 5 ^yn># 
t&*©1WSK:*Jt>T. ^K0(tt©&ra«3&B£l < K£ 

tC#4*ttt»«t4CiK*5. 20 
[0 02 5]$fc, fe^ffi*£Wt-*-«ft:tf>©5Lhtf 
iSlSV-efifi&jfiG© h U ^ > x %jEif . jfeXPiM^© 

[0 0 2 6 ] 

[WteJ&fc-rSfc*©^] ±EBW*ifeaW-5A:» 

(1) *B*9**+-ffifcJ:0 5'';3>IUS»*WI 
-TStc&fc^ eft©5I±iSBE*V. H«IHHK:4jW4 
ttatt#fa©*&fi«©iBK4Ji2*G4 L/c4 *tc. flftiK 

f tA&3 OfcBHCBMtSli@St«*li*J y > ?Vtic§Z3L? Z 30 

«E5aM«*tt«©*aarm©^r tcfofc o xmm-z 

HjR»ffl«:*JWSV/Gffl*Sa©*S*i$i-? 
&BE©*B«:Aftoos/ y n >*»»*WfiWS55tt«: 

( 2 ) 9 a * 5 *-fttc cfc D -> y =i >4M6A£8& 
•TSfC&fcO. tta©?f±aSK*V. HfcJHlKiJWS 
»att#fa©tta«©»jK^£G£Lfc4*K:. 40 
ft*H10*:ieMCKftBSe8IJl^lB*J y > jfftc*ft£r* 

fca&tc, HS»S«:*JW*v/GII%eft©^a55FiRir 
Bf3e©ffiHtcAia-3-3S^ y 3 >««6»**js6-r S^ffiJc 
i»t»T. ttJM^©FwohifiX©Xfl:ft:£t>i£' 
T. 5LHMEV. *±tf/*fcttJME*JEG**fflrr* 
C 4*#®4-r5-> y =i>«|gA9 i-^©KS*46. 

(3 ) me f-ao h?ggam>«4\ v**k 

fccfcO'/S/ctt. G*fi<-S-*C4*»«4-r*lt*qr 50 
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i . 2t2tg©-> y =3 >*fea^x-^©«jfesffi. 
asMfc&A ©*saro©iBflCft3E* g 4 u 4 # cc . mm 
«jw«flRj**isa©¥ffi&fii©^"ccc *>yt o rmsw* 

HiK#ffifc*JWSV/Gffi*ttfi©3£a^iSrT? 
Bif^©ffiHK:Anoo-> y a >JHJga*WJ3W* Office 
fcivr. f— '<>h«ftt©sas«:^to-e-c. @S4-r-s 

V/G«*Sasr4 C 4 
x-^©J8££&, 
(5) *s *5>ux*H£fc£ 9 S'U 

f^aflfl*l=I©^a{l'J©fi^^ffi ; &G4L//c4*«: > ME* 

ttW9 x tfti&KiifM u^-oiaa 

^K««*ISfl©*ffi&|SiJ©^-CK:to?t oTJ&fitri 
Hiwm«:4»w*v/"G««isa©*a»iaii'r 

*jt»T. t&a«rafi© k-^-> i-^a©^{fc{c^fc-ti- 
r. v/G«*«w-r*ci*i«»4-r«s/';3>*is 

(6 ) buI3 F-><> HM&WSHaaf. V/Gffi** < 
-T5C4^!|t®4-r?>f»*a4 > 5iB»©^y=»>*tS 

a^X-^©gji#£. 

rate**:*). tsa©5i-haus*v. HJSirafcc*j»* 

»JH»*W©ISJMII©aflE43E*GiU?fci*R:. Kit 

immutcmcm<tm$mmxm& y > vwm&s s 

x -^rfi^tcJIja 0*>oR& ^ v X £- J&s*8t » 
^0B«W«Sa©*a3ffil©*"C«:t>te otW 5 
tc&lC. @jR||lffi{c4jWSV/Gfa*»fl©^S3?I«0T 
Bf5e©*H«:Ano-^S/ y n >i£i|ga£7f (£T ^^fttc 
te^r. ttft^SWfil© F-^"> F«K©3BttK:£fc>ti' 

r> iaa[*jEG©ffirt»**wai-rsci*i$«ir* 
e>y 3>JiMSft'?x-/N©«3g^ra, 

( 8 ) ?a^7;U=f -ft (C «fc 0f!/3 >*Bft«rlUS 
■Tifc^fcf), »ft©5I±aflt*V, HiKIHStcfcitS 
tta(fofrfa©tt«W©SII$je* G 4 L/c 4 #«:. ffiilt 

{ tMs o tcmtcmtmi@mmx<m& y > ^k^st s 

JR^PBfH«%«Sa©*S^©^rfctofcor^jar* 

/c*tc HaEntffiK*sw4v/Gtt*»a©¥a^n? 
*si^r. ttfi3£&2nfij© f-^*> haya©S£»(c^t>« 
y 3 >^ife B B B ^ x-^©«ji^. 




n 

eatt#fa©feaffll©ffllS*JE* G £ bfc £ * «c . Mta 

i/ y n >*»a*3 !±tf 4 c £ gftft 4«5/'j3># 
do) ^a*^ y =i ^WMici3M%®a otetfi io 

^>'J3 >*Jtft*5LBf S C £ *1#©£ "T £31*31 9 
l5tE©-> y a^Ma^x-^SSil^S. 
(11) i/y=i>«»i|iR:*6*>C*HflE»*?BJSL. 

%<Dmwm*mmbts:ifih*s y a >*»a*3 i±# * c 

<t <b T£fi *JB 9 tatg©-> y =i >*ttA9 x-^ 

(1 2) WEF-'Oh*!. *>m y>. T^5-^ 
A. tfy^A. tf, -f>5/$A, t>^*>©f*3©i^ 

fff^JcB l-li KK©£/ y a >#^S>?x-^©igS^ 20 

[0 0 2 7 ) Cti6©^fttcj:f9, 

(13) ^a*5^+-ffifc«fcOS83SS*lfc2^y3> 

rffi^Lfc^x-^-eabD* AiO'Ji-AMKbfc^t 
*gft£> 5 . &?m. y>> T^5- 

$A, tfy-^A, fcgi, -f>S^A, T>?^>©F*3© 

2 ««±# F-^stirt»*ct -r s ~> y a > 

&&ikV X- m 0 30 

d4) ^a^^^^t-ffitciotessn^ya^ 

PSel/fc?x-/vC*«3, fro^x-zv^Mtob/c-^T 
K&^^-as&K . #>oF-/-t> hig£©^x-/» 
Eft CC*J » S /< 7 ? * & 5 * 5Ci £ 1 

(i 5) «EF-^>h38*. y>. T-O-Sx.? 

[0 0 2 8 ) 

(16) ?3i» ^Jl/^^-ffiKJ: 0 y a >4USa£Sl 
jfrTSKifcfci). l§a©3LbJ8K*V. BSffffiJclsW 

BWt«ffliofc(RK:^fc8SieaHi^ii*j y > ^tftc^-r 

H«iraffc*JW*v/G«%ISft©¥a^ so 
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-CB»f5e©eHtcAn-oo>> y n >^ H B a ^w^-r 
tc&o-c ->'j3>, list y>> r^sx-t; 

a. tfy^A. tit, -f^^A, t>3 l *>, fc«fco* 
^feW©7c3R*^*nL/c^y n>lBg^6'>y a># 
*§a£? LBf S C & £ T -5 5"J =i >#*Sa Ox- 

(17) fa*7^/^+-SKJ:0J/ya >*feft*« 
3ST*Cc*fc»K ea©?l±iifl[*V % BjKft9tcfett 
5teaM#fi©*§affl©fi!S*JE* G £ L £ * (c . JKt 

x-/N^(cmML-*^e{4^ => * # 

Sfc»(c. H«IRBK*5ttSV/Glt*tei&©5|£S*iail 
-CBFfS©eHicAn-oo~> y a ym&ikZlif&Tttm 
fCfc(,>T. '>ya>, *V$k> y>. T^Sx-i? 

A, **y^A, t^, -r>y^A % T>^*>> *5<fc!>' 

ffiRew©5aR*^' y a >sbsk:^»p o«c*se. v v a > 
^b b b^? i±cf * c £ zftmt? s->'j3 >#^Sb 3 b'? x 
-^©Sit^s. 

(is) BtriH^snTcSj&s^ ^y^A % eaR. 

>^ ^|/7i^A, ^y-7*h> > +-fe^>©F«3©l 
6 . 17 fHlg©^ y a >^ifeBB , i' x-^©M3*^& r 
[0 0 2 9 ) cn6©*ffi«C«t»3. 

(19) ? a ^-5;i/^+-ffitc«fcD»JSsnyfc^y3> 

SiSJl^Pg*5 y > ^tc^-T i-«WK 

^^■>. wv^^a, ^y-^'h^, **zsis<Di*i 

(Dim. *-5tHi2aJJLh* s F-7"Snn»-5C£«:# 
«£-r*5/ya>#*Saf i-^. £«£C£#-C# 
5. 

[0030) 

(20) Is V a >M®(C^iS*EPttI L oo-> y a >#M 
a*5l±lfSC£*««£rS»*i[l~l 2. 16- 

i 8ieig©vya>#isa'i'x-^©si«^ 0 

(21) Epjnrr*«»36s. yHwmm. *sc»b*^^88 

Ji-T** 5Ci £ -r SW^S 2 0 IBtS©^ y a 
[0 0 3 1 ) 

*g©«^^?f^c^/c 0 -e-©isw^a?i±iftt. 

R:4jW*V/Gffi[*<Sa©^Sfc^I-CBf3ecDeHK:Ati 

fie**>6»6tiri»s«^aifi»fifea*«ai-rs* 

#T?fttofc. *^W(C». <&m¥-8 -33 03 1 6^ 
^M^mW- 10-265294 -^^SKSBttS titcfi 
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M,<D$mmMfri$zm sisio tcm-r. * fc. mar 
B e B #:frfr ©^b^to-e-r^-r „ 0 8 <D&m<Dttimiz 

12-8Q-cmt*0, H 1 0 ©lgfi©fl:JKS« 1 6 
-HQ - cmT*5. 9Lttffttttt&<«lA>«:&;A> 
W^©^BM»fctJ*#<flft9. S8© 
^Hr«feSUP3 0 Omm- 6 0 OmmtilM 

ttSUH^fitCfofcORffii'^^S-^JSSl/TOS. C 10 
©IS*tt. J*^B««©*fe^HttK-'OFii£«cft 

[0 03 2 ] *«9J#&tt. 3 fcKJSAKDSIitfafefr* 

tti©BB«%W3tUfc. H5fS. F-»*> h 4 l/T* 1 ? 
3R*S«lQLfc«#©. «RXB««©*fl«lliF^-+ 
5-r--*8l©fldSK. 3LBfMK4©H&£^LT 
US„ F^-+5-T--;^©ifcffitS*i6{iM B l4i© 

F->s> h«K*Ja]SCi#-CS. ttJffiK**ffiH«£F 
-'O hifttltflfr*. H5 tt. ltffi{a*5ffit>«4\ BP% 20 

K-/S> MftK*Sftk»|2£. *R*«««©fc»©5LB:f 

a. H2 K5%L/tv/GffltMi^Bia • «*©««**. 

EP^, 12 (C^Lfcr7 a *»6r? 4 ©ffl«— 5£t? 
Kft < . F - h ?1K(C^7? L/ -C^itT 5Ct*^L 

[0 0 3 3 ] C©cfc 5 Sc3K*3W»*-r*afil4^©J: 5 

B 4 1 t> tcBW ii* ft (tfrTflBS/ «/ a >, 30 

j^K©«««t>*©affl[©»3e«. &&© 

S?L©*HHaW:f©as*gt:ff toft -536*. MUf© F 

*se< fc s * * . * « i> »iMirt>«fli«5tt;ft ir*SHfc s 

[0 0 3 4] Cft6©30fa*»e>. #»5J#6tt. F-'< 
> h^S^^EL/r^^M^B B B^®i»-r?»ii^tc 
«, F-;*>hi*K*KVfcJ:tf/S;fcttG*XELT 40 

v/Gm&ffiEitt Slam** sci ^mm ufc. 
[ o o 3 5 ] *»»#6tt. ftKKMretsiuft 
#i5uc**sn< Ka-rsfcawctt, isjiM^n4©ttiiif 

<D K ws> hi^©gftK£toHi'CV*j«fctf/4fcttG 

*ag*fl«ncXK ^ r v/Gffi%a^sD(c®iE©H k Aft 
set swwsfrc * -s c 4 £ mm L fc. 

[ 0 0 3 6 ] £ fc. 5/ y 3 >4WJKlh&i4>©BjKIHB 
©^K«TC^(ctt¥fi-C»^< . ±(c&^Ttcfi. *-5 

^SftSfi-^©*®^© F-'O F-?SK«#M7£ 50 
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©fcsbtttt, #S73l*J©F-^> FaffiOSaMc^totf 
TG©mp f 9^ : fp" ; Sr^lEbfc^3&5, /\®F>gTG£— 
©C«oTV/Gffi©ffirt«fco**/J\S < TS «fc 0 

[0037] — *s^[aj© f-^-> haKoaaw* 

5%5f$rc&ft«. V/G«©ffirt«qt5&1#K:aUE^fc-r 
SiK*3W«c < U». ¥S^]© F-'O h 

«flE©^*(W8iri-*#ffi4LTM:. ttnttcfiSW^EPftl 

[0 0 3 8 ] ##HB#6tt. *KK«M€tiM 

Ci*5W^5Cil:lffll/c s KSf© F-/0 h 

«K©S06*w«i-r4*a4 i/TB, ~> y 
[0039] cft^ffc^/c^jStt, »;>. 

T-fl/S—^A. # 'J 3A, big. ^>i^A. 7>3=~t 
>©f*J©t,>3*ftj&>ia£ F-;0 h 4 LT8s*nL-Cl>£ 

^{cttW^K^ffl-rs. tft^©^. 2a«± 

OF-A> F*asttILfc*i^«:tt. thffiSx©{±«®H^ 
J(8^IBiB«gfeft©hV9>^*l£<-S-SC 

[0 04 0 ] S6tc*»W#6tt. F-^->h«?f©7c 
^> y 3 >S4igtc^jp L fc«^-©M^«^©SBS* 

tSSEftU, «RXB«WBfefl=©FU5>^%K<"C**C 
4£mffiL/c Cft^©7c5S«. «6*i;fti/»ja>^ 

Ao. 5/»;=i>*[f»©5i±tfK#<tors/y3> 

fefi*««*Kiffi!n»j«Tfttf. ^^©tcSR©?^© 

[0 04 1 ] '<>h©«BE» 
««mi©«^&nWI. 8SJDOfc7c3R©*SS©3f£S*l?I© 

r-5»^ii4UTtt*^ ^KJS^tK^JS^W^C s> * . 
[0 042] ft 4b. wa© J: 5 tc, — s©?i±if iififfi 
HfCtel,»Ttt>t7 i-/^Mrt(cO S F y > 

o s f y > y««©iaS3&i^* < ft *J . jK«c5 l±tf J6JS 
*«ilO«4'OS F >^««©iSS3W/hS < ft*. 3Lk 
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mm t o s f y > *««©** zmtommzw 
misted *-"*mm?*>ct&Tijm-v<h2>. $/c. o 

s F y > ^M^*^ x -A^icllLfc^ *-^tcte 
i - ^ 4i,[>K:?Sj$ L/fcfecri^ci *5hj p. *>-c $> i> . 10 

[0 04 3 ] 

[0 0 4 4 ] ->yn>^|gS©Sgii^g2 0». ->'J3 

t£b*m L/Tfco . y ^ >^»©fc*©spM«*im^ 

tt> 3 I±tf ?• + 2 b ©ft^fc JctWauctSW 6nr 
US. $/c. ttdR^f>^2 a £?LBf^ + >^2 b© 
S(C«4 j ra^i->^*2 c#Kl*6nT 20 
[0 04 5]JD!8(?t>^2artK:tt SPbtl^i/ 

i&Sfc&ct, HSLtt^^T U >^r^Sh 30 

[0 04 6 ] ;i/^sK3t*8e*t|5ID53lJU!ysP3 ait 

[0 04 7 ] ;1>U>*'3 ©OTfiSP^-Kltt. y :3>£jgj§? 
S-SSftflfct- £ 4 *J*©«H*8f»3 Htf «fc 5 tclMS 
tirt»*. e©flfl&t-ir-4©*UlJK:tt v c©flffi&t 
- £ -#> 6 ©S^flnift? + >^ 2 a JtfiigfSS* S ft£ © 
*Efr±-r£Kflfc*f 1 2«l&fc:--£©J3B ; &SX'91§tf «fc 
5KRW6h"CI,»S. &4b\ H0Jlftfc-*4£Wj|*f5fl 2 

«3t^i aKi'jffWf.tiriis. c©^J#^i 6» 40 

[0 0 4 8 ] 3I_hif? + W*2 bCttt. — 
*±W« 1 1 tttf 6>ft. *P5? + >-2c ©A# 

e*±tf« 1 1 «a^a B B 9 ©T^ffliJtc^^ jcssst*^ 

[0 04 9 ] C©?|±lf5 1 + >^N*2 b ©JDH£gptC0j&3 50 
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*ifc#**AP 1 3 6»T*=T >#*#3IAS *v c 
©T-»U=i">**X{iJn^? * >/< 2 arttcSKiUfcgtC** 
xgffcHPl 4*>e»SPtHSh*J:5Kttrj"Ct»S. C©± 
^K:^+>/N-2F*3(CT^3>^%aSjl$#-5>©«> Iff 

[0 05 0 ] HHSSilfJ: tJj^tctt. 
t4iMo-Cfite£Sn?£lS*-5l^*W&Bl3g©n-h*s 

easnros. ttstttitewteccts. -c-©*<cd©ibi 
[0051] e©j:5&3i*±tf»«*/8t»"c\ ->y=i 

>*ea©3 [±tf %fr St o fc. 

[0052] OSFy> ^«iS©«S«, MH#> 6#J 0 

UL*ffiaxo?fc'5i-^*^Ra»Ha*'ci 1 o o 

SyKtcr O S F ©^-flJ i SK^rSffi-T 4 C i tc i 0 
ofc„ Rffl*9^*-««©!RCEtt. ISa*6W0ffiL/ 

©^iWK^fFffli-rscitciOtfttofc. # 

-f p««©flsEtt. a«i«aeRaL sboooi-cop 
[0053] tfc«w*j«tof|i»««:^a-r s*sa 

©^^fr^«TK:^-r„ 

• ISAittS : 2 0 8 mm 

• ^AfiMSPSS : 8 0 0mm 

• foy-KWM.: 22-/>5=- 
•^A->y^>Jl*45 1 i'-^afi: 9 5 kg 

• n — b T^©F*3S : 2 6 0mm 

• a- hT^6H?&3l®$T-©i^t : 5 0mm 

• ;Uysffl5]K : 4rpm 

• TkWWEnJD : * «3 

• ;l<y«Kg(c*jW.&fiBii§3£g : 3 0 0 0 
G©mF*gtf6o^ (AG) «. a-hi^j8E^®i©fit 
MgB^, A(*WK«o-hTW}*»6tt}K*Bff*-C©ffiK 

(Dg&icmKmfu-c^z. ±E©«t5«:a-M^a*> 

6>afcjKS®$"C©ffig|*S5 OmmT^till AGB1 0 
%«F*3©ffiffl«:fi|fflisn. -<>n*^ hS^^r-OG© 

ife. B*»ffiKteW5v/Gffi*«ft©¥SKrfirci 
o %OT©»KAnooi/ y 3 >^m b ^* was-r s c 

[0 054] <J±3SM l >«T©^-r-> y 3>¥tta 



10 



20 
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• F -;-c> h ©M£& : HtenTtc^ttA^ U 3 

•5l±lfaK: 0. 5 2mm/# 
[0 05 5] C©|§li#>6 5 OmmffllBt'Ji-A^ 

omuTJtfitn^RS^flj^isSLfii. mac. XMfr 

ffitaa. 1 2-8 Q • cm-Cfeofc. MHiUi 0 ~2 0 
0mmrtt^{4i"7^^-^??ao. 2 0 0-7 0 0m 
mf «0 S F V >^««*J?ej(RStiT48 0 , *&ft©Ta& 
tii'OS F y > ^«i«©ieS364j£3&« 0. 700-800 
mmtttO S F 'J >^««J*Bii®^JB»tcfli«U-C*g 
i^lCCOP <sK-f F) ^#«ELrt^c„ 
[0 05 6] &*>\ JfSSiSJPO — 2 0 Oimtt, 

©g«Ji5G*sffe©gpfi[«fc»5 4>*# < &S«fijK:*S. 
[0 05 7] <J:b«0i 2 > «T©^-C-> y 3 

•5LBfiSfi: 0. 5 0mm/S 
[0 05 8] C©gj||#>6 5 OmmlSlRST^x-^JHiJ 

&3n«. 1 2-8 Q • cifiofc. SSIIBJPI0-3 0 
OmmrttK&^^-aSiMEU 3 0 0— 6 0 0m 
m-CtJ^BM^* 5 ^? ftT *J K> , 600-800m 
mtttO S F U ^^fSiS^JgfiRStl, *&H©TBBts£*0 

s f y > y«t«5©fia*5j£*j -3 t^fc. 

[0 05 9] <H3R« 3 > tTF©3sfrT?f U 3 >#3»ll 

• F-'<>h«: 

• F-/S>hCD8gjn^: ^JBgi^tc^MS^ya 

•SLBf«*: 0. 4 8mm/» 
[0 06 0] C©tta*»6 5 0mmlBIWOx-^*W 
9fflLTft^^P§#*&£t"Xl//c. H9K:, XMfr 

imit, 1 2-8 Q • cmr-*ofc 0 t£AKJM£5«:fc 

fc o Tlgte ^ 5 * f - #i¥£ L r u/c. 
[0 06 1 ] <ft«HW4 >OTo^rv y n>iwtft 

• F h« : 

• F-^->h©^*n^ : ^fisia^iatc^s^ys* 

^hHiUH 0 — 1 0 0 mm — 

1 0 0 — 2 0 0mm — • 

2 0 0 — 4 0 0mm — 



30 



40 
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•SLBfiME: 0. 5 0mm/» 
[0 0 6 2 ] C©Ssl* i e.5 OmmPaPST^x-^^ 

»)fflLTft!®i-wa«wp*R«oyt. siok, *b 

tmmt. 16-1 1 Q • cmTNfeofc. MalM^fi 
&C -3 T g& * 5 * £ - *S#SE L X \, >tc „ 
[0 06 3 ] t£gffl2 t5\±tf2kfr&£<mtX'<!b2>l>C 

PK*w&w* * < o r t > s c i s . 
[0 064] <S3£#l i >«t©^#t-> y n >4%A 

• F-/OHB: 

-SLBfilS: 0. 5 2mm/» 
[0 0 6 5 ] C©*gS*»6 5 0 mmlBP§t??x-^£§J 

ea*^ftjKS©Sfltt^riaii©aEYfc*wr. 

ft*Eia«> 16-1 1 Q • cmT^fe. feSfiMO- 
3 0 0mmrBgfi[i'7^$-j5i#i5Ei, 1 3 0 0-6 0 
0 min-Ctti^I««i^iShtfc ») , 6 0 0 — 8 0 
0 mmT«0 S F y > ^«*S#t»JS£S ft. *Sft©T»« 
£ 0 S F 'J > 2^««©S&jW£# o T Hfc. ftffita^iS 
< . ^B&Aiiifi&tt© h l'7>^«^D D Dit*5 

[0 0 6 6] ftffita 1 2 — 8 Q • c m©*Sfi-Ctt. ftS? 
^I2CC*5J:^{C?|±lfa i g%0. SOmm/^in 
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CLAIMS 



[Claim(s)] 

[Claim 1] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by changing the raising rate V and/or a temperature gradient G to compensate for modification of 
dopant concentration in the approach of raising a silicon single crystal, putting V/G value in a solid- 
liquid interface into the range predetermined by radial [ of a crystal ]. 

[Claim 2] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect- free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the raising rate V and/or a temperature gradient G to compensate for change of the 
dopant concentration of a crystal orientation in the approach of raising a silicon single crystal, 
putting V/G value in a solid-liquid interface into the range predetermined by radial [ of a crystal ]. 
[Claim 3] The manufacture approach of the silicon single crystal wafer according to claim 1 or 2 
which enlarges V and/or is characterized by making G small, so that said dopant concentration is 
low. 

[Claim 4] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by changing V/G value to compensate for modification of dopant concentration in the approach of 
raising a silicon single crystal, putting V/G value in a solid-liquid interface into the range 
predetermined by radial [ of a crystal ]. 

[Claim 5] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling V/G value to compensate for change of the dopant concentration of a crystal 
orientation in the approach of raising a silicon single crystal, putting V/G value in a solid-liquid 
interface into the range predetermined by radial [ of a crystal ]. 

[Claim 6] The manufacture approach of the silicon single crystal wafer according to claim 4 or 5 
characterized by enlarging V/G value, so that said dopant concentration is low. 
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[Claim 7] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect- free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the field internal division cloth of a temperature gradient G to compensate for 
fluctuation of the dopant concentration of the crystal-radius direction in the approach of raising a 
silicon single crystal, putting V/G value in a solid-liquid interface into the range predetermined by 
radial [ of a crystal ]. 

[Claim 8] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect- free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the field internal division cloth of V/G value to compensate for fluctuation of the 
dopant concentration of the crystal -radius direction in the approach of raising a silicon single crystal, 
putting V/G value in a solid-liquid interface into the range predetermined by radial [ of a crystal ]. 
[Claim 9] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by pulling up a silicon single crystal in the approach of raising a silicon single crystal, putting V/G 
value in a solid-liquid interface into the range predetermined by radial [ of a crystal ], controlling the 
dopant concentration in silicon melt. 

[Claim 10] The manufacture approach of the silicon single crystal wafer according to claim 9 
characterized by pulling up a silicon single crystal, carrying out additional addition of the silicon 
crystal at silicon melt. 

[Claim 1 1] The manufacture approach of the silicon single crystal wafer according to claim 9 
characterized by pulling up a silicon single crystal, forming a solid-state layer beforehand into 
silicon melt, and dissolving the solid-state layer. 

[Claim 12] The manufacture approach of a silicon single crystal wafer according to claim 1 to 1 1 
that said dopant is characterized by being any one sort in boron, Lynn, aluminum, a gallium, an 
arsenic, an indium, and antimony, or two sorts or more. 

[Claim 13] The silicon single crystal wafer characterized by being the silicon single crystal wafer 
manufactured by the Czochrlski method, being the wafer with which the field which an oxidation 
induction stacking fault generates in the shape of a ring disappeared centering on the wafer when 
thermal oxidation processing is carried out, and for there being no rearrangement cluster over the 
whole wafer surface, and doping two or more sorts in boron, Lynn, aluminum, a gallium, an arsenic, 
an indium, and antimony. 

[Claim 14] The silicon single crystal wafer which it is the silicon single crystal wafer manufactured 
by the Czochrlski method, it is the wafer with which the field which an oxidation induction stacking 
fault generates in the shape of a ring disappeared centering on the wafer when thermal oxidation 
processing is carried out, and there is no rearrangement cluster over the whole wafer surface, and is 
characterized by the variation within the wafer side of dopant concentration being less than 5%. 
[Claim 15] The silicon single crystal wafer according to claim 14 with which said dopant is 
characterized by being any one sort in boron, Lynn, aluminum, a gallium, an arsenic, an indium, and 
antimony, or two sorts or more. 

[Claim 16] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
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the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] In the approach of raising a silicon single crystal, putting V/G value in a 
solid-liquid interface into the range predetermined by radial [ of a crystal ] The manufacture 
approach of silicon, oxygen, boron, Lynn, aluminum, a gallium, an arsenic, an indium, antimony, 
and the silicon single crystal wafer characterized by pulling up a silicon single crystal from the 
silicon melt which added elements other than nitrogen.- 

[Claim 17] When the temperature gradient by the side of the crystal of a crystal orientation [ in / for 
the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon 
single crystal with the Czochrlski method When thermal oxidation processing is carried out, in order 
to form the defect-free field which the field which an oxidation induction stacking fault generates in 
the shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] In the approach of raising a silicon single crystal, putting V/G value in a 
solid-liquid interface into the range predetermined by radial [ of a crystal ] The manufacture 
approach of the silicon single crystal wafer characterized by pulling up a silicon single crystal, 
adding elements other than silicon, oxygen, boron, Lynn, aluminum, a gallium, an arsenic, an 
indium, antimony, and nitrogen to silicon melt. 

[Claim 18] The manufacture approach of a silicon single crystal wafer according to claim 16 or 17 
that said alloying element is characterized by being one sort in hydrogen, helium, carbon, neon, 
germanium, a krypton, tin, and a xenon, or two sorts or more. 

[Claim 19] The silicon single crystal wafer characterized by being the silicon single crystal wafer 
manufactured by the Czochrlski method, being the wafer with which the field which an oxidation 
induction stacking fault generates in the shape of a ring disappeared centering on the wafer when 
thermal oxidation processing is carried out, and for there being no rearrangement cluster over the 
whole wafer surface, and doping one sort in hydrogen, helium, carbon, neon, germanium, a krypton, 
tin, and a xenon, or two sorts or more. 

[Claim 20] The manufacture approach of a silicon single crystal wafer given in either claim 1 
characterized by pulling up a silicon single crystal, impressing a magnetic field to silicon melt 12 
and 16 thru/or 18. 

[Claim 21] The manufacture approach of a silicon single crystal wafer according to claim 20 that the 
magnetic field to impress is characterized by being a level magnetic field or a cusp field. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is raised by the Czochrlski method (the following, CZ process), when 
thermal oxidation processing is carried out especially, the field which an oxidization induction 
stacking fault generates in the shape of a ring disappears centering on a wafer, and this invention 
relates to the silicon single crystal wafer excellent in the electrical property with which minute 
defects, such as a void and a rearrangement cluster, do not exist, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The CZ process pulled up as the manufacture approach of a silicon 
single crystal, making a crystal raise from the melt in a crucible is performed widely. In a CZ 
process, the single crystal manufacturing installation of a configuration as typically shown, for 
example in drawing 1 is used. First, silicon polycrystal is put in as a raw material in the crucible in 
drawing, and a raw material is dissolved at the heater (below, the structures in a furnace, such as a 
heater and a heat insulator, are generically called a hot zone) which encloses them. The single crystal 
of a predetermined path is manufactured by pulling up up, controlling a pull-up rate, taking down 
seed crystal, making a melt front face contact, and rotating this seed crystal from the upper part of 
the melt in a crucible. Although melt decreases as a crystal grows, in order to pull up the location on 
the front face of melt and to keep it constant to equipment, the crucible location is raised according 
to the weight of the crystal which was able to be pulled up. 

[0003] Although the purity of the silicon polycrystal used as a raw material is generally 99.9999% or 
more of high grade, in order to control the conduction type and specific resistance of a silicon single 
crystal to manufacture, it adds a dopant intentionally. In order to add as a dopant the element of III 
groups, such as boron which acts as an acceptor in order to use a crystal as P type, and to make it N 
type, the element of V groups, such as Lynn and antimony, is added as a dopant. Moreover, 
generally as for the crucible which pays a raw material, the quartz is used. In order to dissolve a 
quartz crucible little by little by contact to silicon melt, high-concentration oxygen is contained in 
silicon melt. Therefore, generally in silicon melt, the dopant element and oxygen which were added 
intentionally are contained, and those parts are incorporated in the crystal with crystal growth. 
[0004] The dopant in silicon melt is incorporated during a crystal according to the segregation 
coefficient. Generally, since it is smaller than 1, the dopant in melt is condensed for the segregation 
coefficient of a dopant with crystal training. The concentration of the dopant incorporated during a 
crystal also becomes high with the rise of the concentration in the melt accompanying crystal pulling 
(so that it goes to the lower part of a crystal). Since the dopant concentration of the silicon wafer 
used as a product is set to the specification for every customer as range of specific resistance, as for 
the crystal part which separated from the range, a product does not become. Therefore, change of the 
dopant concentration of a crystal orientation caused a yield fall. In order to solve this problem, the 
approach (the continuation charging method) of performing crystal pulling to silicon melt while 
carrying out additional addition of the silicon crystal, the approach (DLCZ law) of starting crystal 
raising, after forming a solid-state layer anew in the melt which the dissolution completed, etc. have 
been proposed. However, no these approaches were the things aiming at manufacturing a defect- free 
field crystal. 

[0005] The specific resistance of a crystal changes depending on the dopant concentration under 
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crystal. However, since the crystal defect which has a donor's property called a thermal donor is 
formed when the pass time of the low-temperature region near [ in the cooling process of a crystal ] 
450 degree C is long, specific resistance will be influenced [ the ]. Since a thermal donor can make it 
disappear by additional heat treatment at 650 degrees C or more, in the condition of having sliced to 
the condition of having cut to the block at the crystal which the pull-up completed, or the wafer, he 
heat-treats for eliminating a thermal donor (following and donor killer annealing), and adjusts 
specific resistance to the target value. The specific resistance after donor killer annealing is 
determined nearly completely by the dopant concentration under crystal. 

[0006] A minute rearrangement cluster and a minute void may exist in the wafer cut down from the 
silicon single crystal. A void is detected as a small pit by measuring a wafer front face with foreign 
matter test equipment. This pit is called COP (Crystal Originated Pits) as a pit resulting from a 
crystal defect. Moreover, when thermal oxidation processing is added to a wafer, a stacking fault 
may occur (oxidation induction stacking fault: Oxidation-Induced Stacking Faults, henceforth, OSF). 
Since minute defects, such as a rearrangement cluster, COP, and OSF, may cause a poor device, the 
class of defect, a consistency, size, etc. needed to be controlled and many researches have so far been 
made. About the molding machine style of these minute defects under silicon crystal training, it will 
state in detail below. 

[0007] Voronkov — the relation between V/G value, and the defective kind in a silicon crystal — a 
floating zone (FZ) — in the silicon crystal raised by law, it pointed out for the first time, and 
suggested that the same thing happened also in the silicon crystal raised by the CZ process (V. 
V. Voronkov; Journal of Crystal Growth, 1982, Vol.59, p.625-643). V shows the training rate of a 
silicon single crystal, and G shows the temperature gradient by the side of the crystal of the crystal 
orientation in a crystal growth interface here. Moreover, an FZ method is an approach of obtaining a 
single crystal by contacting seed crystal to the silicon melt which melted, and moving it behind, 
dissolving rod- like polycrystalline silicon by high-frequency heating. In an FZ method, since the 
silicon melt section is supported by the surface tension of melt itself, the big difference from a CZ 
process is the point of not needing a quartz crucible like a CZ process. Therefore, the oxygen density 
in the silicon single crystal raised by the FZ method is very low compared with the oxygen density in 
the silicon single crystal raised by the CZ process. 

[0008] According to this reference, when V/G value is small, A defect and B defect which are a 
defect of the silicon mold between grids exist in a silicon single crystal. If V/G value is made to 
increase and certain critical value xia is exceeded, A defect will stop existing and will turn into only 
B defect. If V/G value is furthermore enlarged and xib is exceeded, B defect will also stop also 
existing and it will become a defect-free field. If V/G value is furthermore enlarged and xid is 
exceeded, D defect of an atomic hole mold will be formed instead of the defect of the silicon mold 
between grids. That is, it was checked that the crystal of a defect-free field can be obtained if V/G is 
maintained between xi b-xi d. In the proposed defective formation model, the point defect (the 
silicon between grids and atomic hole) introduced from the crystal growth interface causes diffusion 
and a recombination reaction near the crystal growth interface. And the point defect kind which 
remained forms A, above-mentioned B defect, and above-mentioned D defect. It is suggested by this 
reference that the relation between this V/G value, and the point defect kind which appears in a 
silicon single crystal is applied also to the silicon single crystal raised by the CZ process. 
[0009] The relation between the defective kind in the silicon single crystal in a CZ process and 
training conditions has so far been considered as follows like the V/G model in the FZ method which 
advocated Voronkov. 

[0010] The superior point defect kind in an elevated-temperature field immediately after a crystal 
solidifies, and its concentration have the relation between the pull-up rate V, and a ratio with the 
temperature gradient G of the crystal orientation by the side of the crystal in a solid-liquid interface, 
and V/G value shown in drawing 2 . That is, when V/G value is large, a superior point defect kind is 
an atomic hole, and atomic hole concentration becomes small and it is set to 0 with a certain value as 
V/G value becomes small. If V/G value is made still smaller, soon, the class of superior point defect 
becomes silicon between grids, and the concentration will also become high as V/G value is made 
small. 

[001 1] It is thought that the point defect which became dominance in the elevated temperature 
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changes to various structure defects in the process in which a crystal gets cold, depending on the 
concentration. When V/G value is smaller than eta 1, the silicon between grids which exists by high 
concentration forms a rearrangement cluster. In the range from eta 1 to eta 2, although the silicon 
between grids exists slightly in a crystal, since concentration is low, V/G value does not form a 
remarkable structure defect. In eta 2, it is set to 0 also to the silicon concentration between grids, and 
atomic hole concentration. Although a superior point defect kind replaces an atomic hole from the 
silicon between grids more than by eta2, in the range from eta 2 to eta 3, the atomic hole which 
exists by low concentration forms the minute defect (following precipitation-of-oxygen nucleus) 
used as the generating nucleus of an oxygen sludge. In the range from eta 3 to eta 4, it is the 
generating nucleus (following OSF nucleus.) of OSF. The atomic hole which serves as a nucleus of 
OSF distributed in the shape of a ring, and exists in high concentration more than by eta4 forms a 
void. 

[0012] It is clear among these structure defects that, as for a rearrangement cluster, itself degrades a 
device property. The silicon between grids which exists slightly does not affect a device property. 
Since a precipitation-of-oxygen nucleus is a very minute defect, it does not become the cause of 
degrading a device property, in itself, but has the effectiveness committed as a generating core of the 
oxygen sludge which works as a source of absorption of a harmful impurity rather. It is guessed that 
the stereo of an OSF nucleus is a tabular oxygen sludge, and itself may cause [ of a device property ] 
degradation. Moreover, if OSF occurs in the device active region on the front face of a wafer by 
setting an OSF nucleus as a generating core by thermal oxidation, it turns out that a device property 
deteriorates remarkably. Moreover, if a void appears as a pit (COP) on a wafer front face and 
becomes more than a certain size, it turns out that a device property deteriorates. 
[0013] Thus, if V/G value are the range from eta 1 to eta 3, it will be thought that the defect which 
has a bad influence on a device property is not formed, and the crystalline region raised in this 
condition range is called defect-free field. 

[0014] Various defects which include ring-like distribution of OSF in the wafer cut down from the 
crystal raised on general conditions on the other hand will be distributed over concentric circular. 
Drawing 3 shows the mimetic diagram of such defective distribution, the defect-free field of the 
rearrangement cluster field from the outermost periphery of a wafer, the defect-free field of the 
silicon mold between grids, and an atomic hole mold, and an OSF ring field ~ and a core serves as a 
void field most. Since crystal training has so far been performed on conditions with V/G value near 
eta 3, all over a wafer, various values from eta 1 to eta 4 are crossed, and it is thought that it became 
defective distribution like drawing 3 . 

[0015] The manufacture approach of a silicon single crystal wafer that are the low-speed training 
wafer with which it is the silicon single crystal wafer raised by JP,8-330316,A by the CZ process, 
and OSF generated in the shape of a ring when thermal oxidation processing is carried out 
disappeared to the core of a wafer, and the rearrangement cluster is eliminated all over the wafer is 
indicated about the defective control approach in the CZ process which made the index V/G which 
Voronkov proposed. When it sets a pull-up rate to V (a part for mm/) in case this manufacture 
approach raises a silicon single crystal by the CZ process, and setting the average of the temperature 
gradient by the side of the crystal of the crystal orientation in the temperature requirement from the 
silicon melting point to 1300 degrees C to G (degree C/mm), V/G value is made into 0.20- 
0.22mm2/degree C and a part between a crystal center location and the location from a crystal 
periphery to 30mm. Between the location from a crystal periphery to 30mm, and a crystal periphery 
location, it is characterized by considering as 0.20-0.22mm2/degree C and a part, or making it 
increase gradually toward a crystal periphery. 

[0016] That is, in above-mentioned JP,8-330316,A, it is indicated about the manufacture approach of 
the crystal which extended the defect-free field between an OSF ring field and a rearrangement 
cluster field to radial [ all ]. 

[0017] About the control approach of concrete V/G for obtaining a defect-free field over the whole 
region within a wafer side, the heat input from a crystal side face is controlled by the thermal shield 
material which encloses a crystal in JP, 10-265294, A, and the approach of making V/G homogeneity 
m the crystal face by making the temperature gradient G of the crystal orientation by the side of a 
crystal into homogeneity in the crystal face is indicated, for example. 
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[0018] On the other hand, only the report slight until now is made about the effect which elements 
other than the silicon introduced during the silicon crystal have on the formation conditions of a 
defect-free field. It is shown to the collection of the 46th applied-physics relation union lecture 
meeting drafts, p.471, and 29 a-ZB -9 by by adding nitrogen during a silicon crystal that COP and 
oxide-film pressure-proofing of the quality of the defect-free field at the time of it being shown that 
the V/G tolerance of a defect- free field increases, and adding nitrogen are good as much as 
EPIUEHA. However, it is also known that it will act as an OSF nucleus that the nitrogen under 
silicon crystal recognized ultralow volume existence. Moreover, a device process is in the inclination 
of low-temperature-izing as detailed-ization of device structure progresses, but since the diffusion 
constant of the nitrogen of a under [ a silicon crystal ] is large, while passing through the device 
process covering the repeat long duration in low temperature, nitrogen segregates on the front face of 
the wafer used as device activity, and we are anxious about becoming the cause of generating of 
structure defects, such as OSF. 

[0019] There is no report until now about the effect elements other than nitrogen affect a defect-free 
field, and the effect of dopant concentration is not reported until now, either. 
[0020] The report is made [ approach / of pulling up a silicon single crystal while impressing a 
magnetic field to silicon melt ] about the cusp field and the level magnetic field, cusp field 
equipment is shown in JP,2-12920,B ~ as - the thing of the outer wall of raising equipment which 
has arranged the coaxial opposite magnet up and down - it is - this magnet - the inside of melt - 
homaxial « the cusp field of symmetrical and a radial is formed. As indicated in JP,58-50951,B as 
level magnetic field equipment, it is what has arranged the coaxial opposite magnet to right and left 
of the outer wall of raising equipment, and a horizontal magnetic field is formed in melt with this 
magnet. The pull-up furnace which has arranged level magnetic field equipment is typically shown 
in drawing 4 . 

[0021] The method of pulling up a silicon single crystal, while impressing these cusp fields and level 
magnetic fields to melt has so far been performed for the purpose of oxygen density control or melt 
flow control. However, a report aiming at obtaining a defect-free field is unprecedented 
[0022] 

[Problem(s) to be Solved by the Invention] In the approach indicated by JP,8-3303 16,A and JP,10- 
265294,A for obtaining the wafer (defect-free field crystal) which is a defect-free field over the 
whole region within a wafer side, although the defect-free field crystal was obtained about the slight 
length of the ingot overall lengths as shown in drawing 8 , about almost all the parts of ingot shaft 
orientations, it was a rearrangement cluster field or an OSF ring, and a void field, and the extraction 
yield of the actual condition of a defect-free field crystal was very low. 
[0023] Moreover, although the defect-free field wafer could be created covering the shaft- 
onentations fixed die length of a crystal by adopting specific pull-up conditions in a specific form, 
by another form, there was a case where a defect-free field wafer was not obtained at all even if it 
adopts the same pull-up conditions. 

[0024] The purpose of this invention is in training of the silicon single crystal by the CZ process to 

offer the approach that the crystal of a defect-free field can be manufactured with a sufficient yield 

and a defect-free field crystal can be similarly manufactured in a different form. 

[0025] Moreover, the tolerance of the pull-up rate V for manufacturing a defect-free field and a 

temperature gradient G is extended, and it is in offering the approach of manufacturing the crystal of 

a defect-free field with a sufficient yield. 

[0026] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, when the 
temperature gradient by the side of the crystal of a crystal orientation [ in / for the raising rate of a 
crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single crystal with (1) 
Czochrlski method in this invention When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by changing the raising rate V and/or a temperature gradient G to compensate for modification of 
dopant concentration m the approach of raising a silicon single crystal, putting V/G value in a solid- 
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liquid interface into the range predetermined by radial [ of a crystal ]. 

(2) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the raising rate V and/or a temperature gradient G to compensate for change of the 
dopant concentration of a crystal orientation in the approach of raising a silicon single crystal, 
putting V/G value in a solid-liquid interface into the range predetermined by radial [ of a crystal ]. 

(3) The manufacture approach of claim 1 and the silicon single crystal wafer two publications which 
makes V high and/or is characterized by making G low, so that said dopant concentration is low. 

(4) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by changing V/G value made into a target to compensate for modification of dopant concentration in 
the approach of raising a silicon single crystal, putting V/G value in a solid-liquid interface into the 
range predetermined by radial [ of a crystal ]. 

(5) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling V/G value to compensate for change of the dopant concentration of a crystal 
orientation in the approach of raising a silicon single crystal, putting V/G value in a solid-liquid 
interface into the range predetermined by radial [ of a crystal ]. 

(6) The manufacture approach of claim 4 and the silicon single crystal wafer five publications 
characterized by making V/G value high, so that said dopant concentration is low. 

(7) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the field internal division cloth of a temperature gradient G to compensate for 
fluctuation of the dopant concentration of the crystal-radius direction in the approach of raising a 
silicon single crystal, putting V/G value in a solid-liquid interface into the range predetermined by 
radial [of a crystal], 

(8) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by controlling the field internal division cloth of V/G value to compensate for fluctuation of the 
dopant concentration of the crystal-radius direction in the approach of raising a silicon single crystal, 
putting V/G value in a solid-liquid interface into the range predetermined by radial [ of a crystal ]. 

(9) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
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form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] The manufacture approach of the silicon single crystal wafer characterized 
by pulling up a silicon single crystal in the approach of raising a silicon single crystal, putting V/G 
value in a solid-liquid interface into the range predetermined by radial [ of a crystal ], controlling the 
dopant concentration in silicon melt. 

(10) The manufacture approach of the silicon single crystal wafer according to claim 9 characterized 
by pulling up a silicon single crystal, carrying out additional addition of the silicon crystal at silicon 
melt. 

(11) The manufacture approach of the silicon single crystal wafer according to claim 9 characterized 
by pulling up a silicon single crystal, forming a solid-state layer beforehand into silicon melt, and 
dissolving the solid-state layer. 

(12) The manufacture approach of a silicon single crystal wafer according to claim 1 to 1 1 that said 
dopant is characterized by being any one sort in boron, Lynn, aluminum, a gallium, an arsenic, an 
indium, and antimony, or two sorts or more. It comes out. 

[0027] The silicon single crystal wafer characterized by being the silicon single crystal wafer 
manufactured by (13) Czochrlski method, being the wafer with which the field which an oxidation 
induction stacking fault generate in the shape of a ring disappeared centering on the wafer when 
thermal oxidation processing be carried out, and for there being no rearrangement cluster over the 
whole wafer surface, and doping two or more sorts in boron, Lynn, aluminum, a gallium, an arsenic, 
an indium, and antimony by these approaches. 

(14) The silicon single crystal wafer which it is the silicon single crystal wafer manufactured by the 
Czochrlski method, it is the wafer with which the field which an oxidation induction stacking fault 
generates in the shape of a ring disappeared centering on the wafer when thermal oxidation 
processing is carried out, and there is no rearrangement cluster over the whole wafer surface, and is 
characterized by the variation within the wafer side of dopant concentration being less than 5%. 

(15) The silicon single crystal wafer according to claim 14 with which said dopant is characterized 
by being any one sort in boron, Lynn, aluminum, a gallium, an arsenic, an indium, and antimony, or 
two sorts or more. ***♦**_. things become possible. 

[0028] Furthermore, when the temperature gradient by the side of the crystal of a crystal orientation 
[ in / for the raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a 
silicon single crystal with (16) Czochrlski method When thermal oxidation processing is carried out, 
in order to form the defect-free field which the field which an oxidation induction stacking fault 
generates in the shape of a ring disappears centering on a wafer, and does not have a rearrangement 
cluster over radial [ of a crystal / all ] In the approach of raising a silicon single crystal, putting V/G 
value in a solid-liquid interface into the range predetermined by radial [ of a crystal ] The 
manufacture approach of silicon, oxygen, boron, Lynn, aluminum, a gallium, an arsenic, an indium, 
antimony, and the silicon single crystal wafer characterized by pulling up a silicon single crystal 
from the silicon melt which added elements other than nitrogen. 

(17) When the temperature gradient by the side of the crystal of a crystal orientation [ in / for the 
raising rate of a crystal / V and a solid-liquid interface ] is set to G in manufacturing a silicon single 
crystal with the Czochrlski method When thermal oxidation processing is carried out, in order to 
form the defect-free field which the field which an oxidation induction stacking fault generates in the 
shape of a ring disappears centering on a wafer, and does not have a rearrangement cluster over 
radial [ of a crystal / all ] In the approach of raising a silicon single crystal, putting V/G value in a 
solid-liquid interface into the range predetermined by radial [ of a crystal ] The manufacture 
approach of the silicon single crystal wafer characterized by pulling up a silicon single crystal, 
adding elements other than silicon, oxygen, boron, Lynn, aluminum, a gallium, an arsenic, an 
indium, antimony, and nitrogen to silicon melt. 

(18) The manufacture approach of claim 16 and the silicon single crystal wafer 17 publications that 
said alloying element is characterized by being one sort in hydrogen, helium, carbon, neon, 
germanium, a krypton, tin, and a xenon, or two sorts or more. It comes out. 

[0029] It is the silicon single crystal wafer manufactured by (19) Czochrlski method by these 
approaches. It is the wafer with which the field which an oxidation induction stacking fault generates 
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in the shape of a ring when thermal oxidation processing is carried out disappeared centering on the 
wafer. And the silicon single crystal wafer characterized by for there being no rearrangement cluster 
over the whole wafer surface, and doping one sort in hydrogen, helium, carbon, neon, germanium, a 
krypton, tin, and a xenon, or two sorts or more. ****** — things are made. 

[0030] Moreover, the manufacture approach of claims 1-12 and the silicon single crystal wafer 16-18 
publication characterized by pulling up a silicon single crystal, impressing a magnetic field to (20) 
silicon melt. 

(21) The manufacture approach of a silicon single crystal wafer according to claim 20 that the 
magnetic field to impress is characterized by being a level magnetic field or a cusp field. It comes 
out. 



[Embodiment of the Invention] In manufacturing a defect-free field crystal, this invention persons 
examined two levels from which the amount of dopants to add differs. Crystal pulling in that case 
was performed on the conditions which manufacture the defect-free field crystal into which V/G 
value in a solid- liquid interface are put into the range predetermined by radial [ of a crystal ], and 
which is known from the former. Specifically, it is the approach indicated by JP,8-330316,A and 
JP, 10-265294, A. Except the point of changing the amount of dopants, with both the levels, 
conditions were completely made equal and were performed. Defective field distribution of the 
crystal with which the amounts of dopants differ is shown in drawing 8 and drawing 10 . Moreover, 
change of the crystal orientation of the specific resistance in the crystal center location after donor 
killer annealing is doubled and shown collectively. The specific resistance of the crystal of drawing 8 
is 12 - 8 ohm-cm, and the specific resistance of the crystal of drawing 10 is 16-1 1 ohm and cm. 
Although pull-up conditions are completely equal, both defective field distribution differs greatly 
and the rearrangement cluster forms it covering a body overall length to the whole surface defect- 
free field crystal being formed by 300mm - 600mm of crystal bodies as the crystal of drawing 10 by 
the crystal of drawing 8 . This result shows that it depends for the condition range of a defect-free 
field on dopant concentration. 

[0032] this invention persons examined by having changed the pull-up conditions of a crystal 
variously further, and investigated the relation between a defect-free field and dopant concentration. 
Drawin g 5 shows the relation between the condition range of a defect-free field at the time of adding 
boron as a dopant, and the specific resistance after donor killer annealing and a pull-up rate. The 
dopant concentration under crystal can be known from the specific resistance after donor killer 
annealing, and dopant concentration is so high that specific resistance is low. Drawing 5 shows that 
the tolerance of the pull-up rate for a defect-free field spreads, so that dopant concentration is so high 
that specific resistance is low. This result shows that the relation between V/G value shown in 
drawing 2 , arid a point defect kind and concentration changes like drawing 6 depending on dopant 
concentration. That is, the value of eta 1 to eta 4 shown in drawing 2 is not fixed, and changing 
depending on dopant concentration is shown. 

[0033] The reason which such a phenomenon generates is considered as follows. Although a dopant 
is incorporated with the coagulation of a crystal during a crystal from melt, a point defect (the silicon 
between grids, atomic hole) is also generated by thermal equilibrium concentration during a crystal 
with the coagulation of a crystal. Although the decision of the dominance kind of a point defect or its 
concentration is made through processes, such as diffusion of the point defect produced in the 
cooling process of a crystal, and pair annihilation of the silicon between grids, and an atomic hole, 
the dopant under crystal interacts with a point defect, changes the equilibrium concentration of a 
point defect itself, or is presumed to be that to which diffusion, a pair annihilation reaction, etc. are 
changed. 

[0034] When this invention persons changed dopant concentration and a defect-free field crystal was 
manufactured from these knowledge, it found out that it was necessary to change V and/or G for 
every dopant concentration, and to rationalize V/G value. 

[0035] Moreover, this invention persons found out that it was effective to change V in all and/or G 
into change of the dopant concentration under crystal of a crystal orientation continuously, and to put 
V/G value into the proper range continuously, in order to manufacture a defect-free field with a yield 
sufficient to a crystal orientation. 
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[0036] Moreover, the configuration of a solid-liquid interface while raising a silicon single crystal is 
not completely flat, and since a convex, convex or M mold, and W mold are turned up, the radial 
dopant concentration of the wafer sliced at right angles to a crystallographic axis is changed 
depending on an interface configuration. For defect-free crystal training, the direction which changed 
G field internal division cloth in all kept G constant to fluctuation of radial dopant concentration in 
the wafer side, and this invention persons found out the effective thing rather than having made 
small dispersion within a field of V/G value. 

[0037] On the other hand, if fluctuation of radial dopant concentration is less than 5%, since it 
becomes unnecessary to rationalize especially the field internal division cloth of V/G value, it is 
desirable. As an approach of controlling fluctuation of radial dopant concentration, it is effective to 
perform crystal pulling, impressing a magnetic field to melt. As a magnetic field to impress, a cusp 
field and a horizontal magnetic field are effective. 

[0038] Moreover, this invention persons found out that it was effective to control fluctuation of the 
dopant concentration in the melt accompanying crystal raising as much as possible, in order to 
manufacture a defect- free field with a yield sufficient to a crystal orientation. The approach of 
pulling up a crystal as an approach of controlling fluctuation of the dopant concentration in melt 
while carrying out additional addition of the silicon crystal at melt, and the method of pulling up a 
crystal, while forming a solid-state layer beforehand into melt and dissolving the solid-state layer are 
effective. 

[0039] The approach described until now acts effectively, when any one sort in boron, Lynn, 
aluminum, a gallium, an arsenic, an indium, and antimony is added as a dopant. Moreover, filling the 
specification range of specific resistance among these, when two or more sorts of dopants are added, 
the tolerance of defect- free field conditions can be made large, and it is still more effective. 
[0040] Furthermore, this invention persons investigated change of the manufacture conditions of the 
defect-free field at the time of adding elements other than a dopant to silicon melt. Consequently, 
when hydrogen, helium, carbon, neon, germanium, a krypton, tin, or a xenon was added, it found out 
that the manufacture conditions of a defect-free field changed and could make the tolerance of 
defect-free field conditions large. These elements may be added by starting construction work in a 
crucible together with a silicon polycrystal raw material beforehand. Moreover, if additional addition 
of the silicon crystal is carried out into melt with a pull-up of a silicon crystal, since change of the 
concentration of the element in melt can be controlled, it is more desirable. Moreover, although at 
least one kind of the element to add is effective, effectiveness is acquired even if it is two or more 
kinds. 

[0041] Moreover, this invention persons found out that it was effective to perform crystal raising, 
impressing a magnetic field to melt, in order to have controlled radial distribution of the crystal of 
the added element like the case of the concentration distribution control of a dopant. As a magnetic 
field to impress, a cusp field and a level magnetic field are effective. 

[0042] In addition, in a fixed pull-up speed range, an OSF ring field occurs in a wafer side as 
mentioned above, the diameter of an OSF ring field becomes large, so that a pull-up rate is quick in 
this pull-up speed range, it pulls up conversely, and the diameter of an OSF ring field becomes small, 
so that a rate is slow. If a pull-up rate is made still later, behavior will be carried out as the OSF ring 
field disappeared centering on the wafer. Therefore, by clarifying behavior of a pull-up rate and OSF 
ring area-size change, when this invention carries out thermal oxidation processing, the field which 
an oxidation induction stacking fault generates in the shape of a ring is able to manufacture the wafer 
which disappeared centering on the wafer. Moreover, in the wafer with which the OSF ring field 
disappeared on the wafer periphery, the whole wafer surface serves as a void field. Therefore, if the 
defect-free field and the rearrangement cluster field are generating in a wafer side, it is clear that the 
wafer's OSF ring field disappears centering on a wafer. 
[0043] 

[Example] In the following examples of a comparison and examples, the manufacturing installation 
20 of the silicon single crystal by the CZ process shown in drawing 4 was used. 
[0044] The manufacturing installation 20 of a silicon single crystal has the device in which the 
member and silicon crystal for dissolving silicon are pulled up etc., the member for the silicon 
dissolution is held in heating chamber 2a, and the device in which a silicon crystal is pulled up is 
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prepared in the interior and the exterior of pull-up chamber 2b. Moreover, it pulls up with heating 
chamber 2a, and middle chamber 2c is prepared between chamber 2bs. 

[0045] The crucible 3 which holds the silicon L which is dissolving in heating chamber 2a is formed, 
and this crucible 3 is supported free [ rotation and rise and fall ] with the revolving shaft 5 by the 
driving gear which is not illustrated. A driving gear rotates a crucible 3 at a predetermined rotational 
frequency, in order to raise a crucible 3 by oil-level fall that the oil-level fall accompanying a pull-up 
of silicon single crystal S should be compensated and to stir silicon melt L. Although the revolving 
shaft has penetrated heating chamber 2a, since the airtight of chamber 2 inside and outside is held 
and it becomes the use under very bad temperature conditions, it is held at the special bearing which 
is not illustrated. 

[0046] The crucible 3 consists of same quartz crucible the 3 as the former a, and graphite crucible 3b 
which protects this. 

[0047] It is arranged so that the heating heater 4 made to dissolve silicon in the side-attachment-wall 
part of a crucible 3 may enclose the perimeter. It is prepared in the outside of this heating heater 4 so 
that the heat insulator 12 which prevents that the heat from this heating heater is directly radiated on 
heating chamber 2a may enclose the perimeter of a heating heater. In addition, the heating heater 4 
and the heat insulator 12 are attached in susceptor 16. This susceptor 16 is made using the very big 
ingredient of thermal resistivity. 

[0048] An end is attached in the wire loop wheel machine 1 1, it pulls up, a wire 8 is formed and the 
chuck 10 holding seed crystal 9 which inserted in the top wall of head-lining section 6a of middle 
chamber 2c, and was hung down and lowered is attached in the lower limit of this pull-up wire 8 at 
pull-up chamber 2b. The wire loop wheel machine 1 1 pulls up silicon single crystal S which grows 
up to be the lower limit side of seed crystal 9 gradually according to the growth rate etc., and 
coincidence is made to always rotate it contrary to the hand of cut of a crucible 3. 
[0049] Argon gas is introduced from the gas inlet 13 formed in the hold section of this pull-up 
chamber 2b, and after this argon gas circulates in heating chamber 2a, it is discharged from gas 
exhaust 14. Thus, it is for making it not make SiO gas or CO gas which occur in a chamber 2 with 
the dissolution of the silicon by heating of the heating heater 4 mix in silicon melt as mentioned 
above to circulate argon gas in a chamber 2. 

[0050] a melt front face - the upper part carbon - or the funnel of 1-fold [ which consisted of 
Mo ] 5 and double pile structure is installed. In the case of double pile structure, it may be loaded with 
the heat insulator between the lap. In the following examples of a comparison and examples, the 
funnel made from carbon loaded with the heat insulator in between with double structure was used. 
[0051] The silicon single crystal was raised using such raising equipment. 
[0052] After performing heat-of-combustion processing of 1 100-degree-C 1 hour for the wafer 
which started and carried out mirror plane processing from the crystal in the steam ambient 
atmosphere and removing a surface oxide film by fluoric acid, the judgment of an OSF ring field was 
dipped in the light etching reagent for 2 minutes, actualized the crystal defect as an etch pit, and was 
performed by evaluating distribution and the consistency of OSF by the condensing LGT and the 
microscope. The judgment of a rearrangement cluster field dipped in SEKOETCHINGU liquid the 
wafer which started and carried out mirror plane processing from the crystal for 20 minutes, without 
heat-treating, actualized the crystal defect (dislocation loop) as an etch pit, and was performed by 
evaluating the distribution and consistency by the condensing LGT and the microscope. Moreover, 
the judgment of a void field was performed by measuring COP with foreign matter test equipment' 
LS6000. 

[0053] In addition, the manufacture conditions of the crystal common to the example of a 
comparison and an example are shown below. 

- crystal diameter: 208mm and the crystal body ~ the manager : 800mm and, and crucible diameter: 
22 inch and polycrystalline silicon raw material charge weight: 95kg and a funnel - bore of a lower 
limit: 260mm and a funnel - distance from a lower limit to a melt front face: 50mm and crucible 
rotation: 4rpm and level magnetic field impression: magnetic field strength in those with , and a 
crucible wall: dispersion within a field of 3000 gauss G (deltaG) - the physical relationship on a 
funnel and the front face of melt ~ concrete - a funnel - it depends on the conditions of the distance 
from a lower limit to a melt front face strongly, above - a funnel - if the distance from a lower limit 
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to a melt front face is 50mm, deltaG will be controlled by less than 10% of range, and the value of G 
in an ingot longitudinal direction will also be kept constant. Consequently, a silicon single crystal is 
raisable, the following examples of a comparison and an example putting V/G value in a solid-liquid 
interface into 10% or less of range by radial [ of a crystal ]. 

[0054] The silicon single crystal was raised on condition that below <the example 1 of a 
comparisons 

- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
in a polycrystalline silicon raw material before dissolution initiation. : A part for 0.52mm/[0055] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is indicated to be defective distribution to drawing 7 . Specific resistance was 12-8 ohm-cm. 
By 0-200mm of crystal bodies, by 200-700mm, the rearrangement cluster existed, the OSF ring field 
was formed, in the lower part of a crystal, as for the OSF ring field, the diameter of an OSF ring field 
disappeared in the periphery section of a crystal in breadth and 700-800mm, and COP (void) existed 
all over the crystal. 

[0056] In addition, since a crystal does not exist up, it is easy to be cooled rather than others and a 
part, and 0-200mm of crystal bodies is in the inclination for a temperature gradient G to become 
larger than other parts. 

[0057] The silicon single crystal was raised on condition that below <the example 2 of a 
comparison^ 

- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
in a polycrystalline silicon raw material before dissolution initiation. : A part for 0.50mm/[0058] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is indicated to be defective distribution to drawing 8 . Specific resistance was 12-8 ohm-cm. 
The rearrangement cluster existed in 0-300mm of crystal bodies, by 300-600mm, a defect-free field 
is formed, in 600-800mm, the OSF ring field was formed and, in the lower part of a crystal, the 
diameter of an OSF ring field had spread. 

[0059] The silicon single crystal was raised on condition that below <the example 3 of a 
comparisons 

- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
in a polycrystalline silicon raw material before dissolution initiation. : A part for 0.48mm/[0060] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is mdicated to be defective distribution to drawing 9 , Specific resistance was 12-8 ohm-cm. 
The rearrangement cluster existed covering the crystal body overall length. 

[0061] The silicon single crystal was raised on condition that below <the example 4 of a 
comparison>. 

- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
m a polycrystalline silicon raw material before dissolution initiation. : A part for 0.50mm/[0062] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is indicated to be defective distribution to drawing 10 . Specific resistance was 16 - 1 1 ohm- 
cm. The rearrangement cluster existed covering the crystal body overall length. 

[0063] Although it pulls up with the example 2 of a comparison and conditions are completely the 
same, it turns out that defective distribution changes greatly with differences in the dopant 
concentration under crystal. 

[0064] The silicon single crystal was raised on condition that below <an example 1>. 



- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
in a polycrystalline silicon raw material before dissolution initiation. : A part for 0.52mm/[0065] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is mdicated to be defective distribution to drawing 1 1 . Specific resistance was 16 - 1 1 ohm- 
cm. The rearrangement cluster existed in 0-300mm of crystal bodies, by 300-600mm, a defect-free 
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field is formed, in 600-800mm, the OSF ring field was formed and, in the lower part of a crystal, the 
diameter of an OSF ring field had spread. Although specific resistance was high and was a form with 
the narrow tolerance of defect- free crystal manufacture conditions, the defect-free crystalline region 
was generable over 300mm of ingot shaft orientations. 

[0066] To the ability to have manufactured the defect-free field crystal over 300mm of crystal 
orientations by pulling up, as it is in the example 2 of a comparison, and considering a rate as a part 
for 0.50mm/, in the crystal of specific resistance 16-11 ohm-cm, as it was in the example 4 of a 
comparison, as the crystal of specific resistance 12-8 ohm-cm, a defect-free field crystal was not 
able to be manufactured by the same pull-up conditions. Based on this invention, it pulls up 
according to modification of the dopant concentration of a crystal, and conditions are changed, 
namely, by changing a pull-up rate into a part for 0.52mm/of an example 1 from a part for 
0.50mm/of the example 4 of a comparison shows that a defect-free field can be formed. 
[0067] The silicon single crystal was raised on condition that below <an example 2>. 
- Dopant kind: The addition approach of boron and a dopant: It is addition / pull-up rate in a crucible 
in a polycrystalline silicon raw material before dissolution initiation. : According to change of the 
dopant concentration under crystal, it changed continuously as follows with the location of a crystal. 
Crystal body 0-1 00mm -> A part for 0.58mm/ 100-200mm -> A part for 0.54mm/ 200-400mm -> A 
part for 0.51mm/ 400-600mm -> A part for 0.50mm/ 600-800mm -> A part for 0.49mm/[0068] The 
wafer was cut down at intervals of 50mm from this crystal, and specific resistance and defective 
distribution were investigated. Change of the crystal orientation of the specific resistance of a crystal 
center is indicated to be defective distribution to drawing 12 . Specific resistance was 12-8 ohm-cm. 
The defect-free field was formed covering the crystal body overall length. 

[0069] By pulling up according to change of the dopant concentration under crystal, and changing 

conditions shows that a defect-free field can be formed with a sufficient yield. 

[0070] 

[Effect of the Invention] As mentioned above, according to this invention, even if the dopant 
concentration under crystal changes, a defect-free field can be manufactured with a sufficient yield. 
Moreover, by doping elements other than silicon, the tolerance of the manufacture conditions of a 
defect-free field can be made large, and can be manufactured with a sufficient yield. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the manufacturing installation of a common silicon single crystal 
[Drawing 2] Relation between the defective kind in a silicon single crystal, and V/G value 
[Drawing 3] The defective distribution mimetic diagram of a wafer side in case an OSF ring field 
exists near a wafer radius center 

[Drawing 4] Crystal training equipment which impressed the level magnetic field and was equipped 
with thermal shield material 

[Drawing 5] Relation between a defect-free field, and the specific resistance after donor killer 
annealing and a pull-up rate 

[Drawing 6] Relation of a defective kind, and V/G value in case the dopant concentration under 
crystal differs 

[Drawing 7] Change of the crystal orientation of defective distribution of the crystal of the example 1 
of a comparison, and the specific resistance of a crystal center 

Prawing 8] Change of the crystal orientation of defective distribution of the crystal of the example 2 
of a comparison, and the specific resistance of a crystal center 

Prawing 9] Change of the crystal orientation of defective distribution of the crystal of the example 3 
of a comparison, and the specific resistance of a crystal center 

[Drawing 10] Change of the crystal orientation of defective distribution of the crystal of the example 
4 of a comparison, and the specific resistance of a crystal center 

[Drawing 11] Change of the crystal orientation of defective distribution of the crystal of an example 

1 , and the specific resistance of a crystal center 

Prawing 12] Change of the crystal orientation of defective distribution of the crystal of an example 

2, and the specific resistance of a crystal center 
[Description of Notations] 

2a .... Heating chamber, 
2b .... Pull-up chamber 
2c .... Middle chamber 

3 .... Crucible 

4 .... Heating Heater 
12 .... Heat insulator 
22 .... Funnel 

40 .... Coaxial opposite electromagnet for level magnetic field impression 

5 .... Silicon single crystal 
L .... Melting silicon 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 11] 
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[Drawin g 12] 
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